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Identification of Intergeneric F1 Hybrids of Pitayas through Molecular Approach 
Judith Liew Chuen Chieng 
Resource Biotechnology Programme 
Faculty of Science and Technology  
Universiti Malaysia Sarawak 
 
ABSTRACT 
Intergeneric cross between diploid Hylocereus polyrhizus, as the female parent, and the 
tetraploid Selenicereus megalanthus, as the male parent, was previously conducted by the 
Department of Plant Science, UNIMAS, with a quest to produce F1 hybrid. Conventional 
identification of the hybrids is laborious and time-consuming. Thus, this project was 
conducted in order to provide an alternative for identification of hybrids via advancement in 
molecular marker, inter simple sequence repeat (ISSR). Genomic DNA of both parental and 
10 hybrids of root samples were successfully isolated using modified CTAB method. 
Following PCR amplification using two selected ISSR primers (ISSR 811 and 817), parental 
sample and only a total of five hybrids were successfully amplified. A dendrogram was 
constructed based on UPGMA clustering analysis using NTSYS-pc software. Analysis on the 
polymorphic banding patterns and dendrogram showed that a majority of F 1 hybrids exhibit 
genetic similarity with female parents. For ISSR 811, two hybrids showed additional bands 
distinct from parental species. Mutation polymorphism may occur which lead to genetic 
changes in hybrids. 
 





Kacukan intergenerik antara diploid Hylocereus polyrhizus, sebagai induk betina, dan 
tetraploid Seleniereus megalanthus, sebagai induk jantan, telah dilakukan oleh Department of 
Plant Science, UNIMAS untuk menghasilkan F1 hibrid pada tahun lalu. Pengenalpastian 
hybrid secara konvensional memerlukan masa yang lama dan melelahkan. Jadi, molecular 
marker telah digunakan dalam kajian ini untuk mengatasi masalah konvensional. Genomik 
DNA telah berjaya diisolasikan bagi induk dan 10 hibridnya dengan menggunakan modifikasi 
kaedah CTAB. Dua ISSR primer, ISSR 811 dan 817 telah dipilih, hanya lima hibrids dan 
induknya telah berjaya diamplifikasikan oleh PCR. Dendrogram dibina berdasarkan 
clustering UPGMA dengan menggunakan NYSYS-pc software. Analisis menunjukkan 
kebanyakkan hibrid F1 mempunyai persamaan dengan induk perempuan. Bagi ISSR 811, dua 
hibrid telah menunjukkan tambahan band yang berlainan daripada induk-induknya. 
 








Pitaya is known as pitahaya, dragon fruit (in Southest Asia), strawberry pear and night 
blooming cereus as its flower open only at night. It is gradually earning its fame as an 
important crop throughout the world. High nutritional and medicinal values of pitaya as food 
products are the main reason for its popularity (Yusoff et al., 2008; Masyahit et al., 2009). 
Hylocereus polyrhizus or better known as red-fleshed pitaya has become a potential crop in 
the Malaysia fruit Industry and throughout Southeast Asia (Hawa et al., 2009) due to its 
attractive shape and juicy taste (Phebe et al., 2009).  
Hylocereus polyrhizus (red-fleshed pitaya) and Selenicereus megalanthus (yellow 
pitaya), are climbing cacti belongs to the family Cactaceae. H. polyrhizus is a red flesh pitaya 
with spinelessness red peel, and tiny soft seeds. However, fruits of Hylocereus sp. lack of 
taste and that have limited their marketability (Tel-Zur et al., 2004). The fruit of S. 
megalanthus has yellow peel with spines. The flesh is white with big seeds and is tasty and 
very sweet compared to Hylocereus sp. (Tel-Zur et al., 2004). It would be ideal to produce a 
hybrid combining the spineless and attractive appearance of Hylocereus fruits with the 
delicious taste of Selenicereus megalanthus fruits (Tel-Zur et al., 2004).  
A survey conducted by Masyahit et al. (2009) reported an infection of Anthracnose 
disease on pitayas (mostly Hylocereus sp.) in Peninsular Malaysia, which was caused by 
Colletotrichum gloeosporioides. Pitayas infected by this disease show reddish brown lesions 
and chlorotic haloes symptoms on stem and fruit. Apart from that, Hawa et al., cited in 
Masyahit et al. (2009) also reported that another disease that causes brownish to reddish 
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lesions on red-fleshed dragon fruit (H. polyrhizus) which is caused by a pathogenic fungus, 
Fusarium proliferatum.  
S. megalanthus is known to be less susceptible to disease compared to H. polyrhizus 
(Masyahit et al., 2009). This important finding leads to great possibility of producing hybrids 
that are less susceptible to the disease by cross breeding between Hylocereus sp. and S. 
megalanthus. The following crosses (female × male) i.e. H. polyrhizus × H. undatus, H. 
undatus × H. polyrhizus and H. polyrhizus × S. megalanthus were carried out in 2008-2009 at 
Agriculture Research Centre (ARC). Cross breeding of parental species was done by artificial 
pollination. Pollen from flower of targeted plant was applied to stigma of another targeted 
plant to pollinate and immediately covered with brown paper bags to avoid unwanted 
pollination. Fruits were produced and when ripen the seeds (F1 hybrids) were sown in vitro.  
In this project, only the intergeneric hybrids of H. polyrhizus × S. megalanthus are 
used and identified by molecular markers. Conventional method in identification of hybrids 
involved morphological characterization and chromosomal study. These methods required a 
long period of time for analysis because morphological studies require the plant to reach 
maturity and chromosomal study is tedious whereby squashing chromosomes and counting of 
the chromosomes under microscope are required. The identification of F1 hybrid using 
molecular markers is more effective and can obtain results in shorter time compared to the 
conventional method. Variation at DNA level can be detected using molecular marker without 




The objectives of this project are to extract DNA for succulent cactus species using 
modified CTAB method and used to investigate whether molecular marker inter simple 
sequence repeat (ISSR) can be used to identify the intergeneric F1 hybrids, as well as to 

























2.1.1 The Hylocereus, Selenicereus and Intergeneric Hybridization 
.Hylocereus polyzhicus is a red-fleshed pitaya which is a diploid with 2n=2x=22 (Tel-Zur et 
al., 2003, 2004). This species bears large, attractive fruit with spinelessness peel, red flesh and 
soft small seeds. It is juicier and more nutritious compared to the white-fleshed pitaya such as 
Hylocereus undatus. Selenicereus megalanthus is a tetraploid with 2n=4x=44. This species 
bears spiny yellow fruit and big seeds but taste better compared to Hylocereus sp. (Tel-Zur et 
al., 2004). The pitayas can undergo self pollination because they are monoecious plant, 
having male and female sex organ in the same individual. 
According to Tel-Zur et al. (2004), the progenies produced from diploid and tetraploid 
parent is expected to be triploids but may also produced aneuploids. The cross between 
diploid H. polyrhizus (female) and tetraploid S. megalanthus (male) as the male parent 
produced triploid and aneuploid F1 hybrids (Tel-Zur et al., 2004). The hybrids yielded by 
combining the large and attractive appearance of H. polyrhizus with sweeter taste of S. 
megalanthus (Tel-Zur et al., 2004).  
 
2.1.2 Distribution  
Pitaya is the name given to the fruit of several cactus species that originates from drier 
tropical climate of Mexico, Central and South America (Yusoff et al., 2008). These species 
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were introduced to Israel and was very successfully in dry region of Israel because of its low 
water requirement (Mizrahi & Nerd, 1999). The species planted as commercial crops and their 
fruits are being exported successfully as exotic fruits to European markets (Mizrahi & Nerd, 
1999). The pitaya was also introduced to Vietnam and later became a commercial fruit there. 
From Vietnam, pitaya then was introduced to Malaysia and also become an important crop. 
Three types of pitayas which are Hylocereus undatus, Hylocereus polyrhizus and Selenicereus 
megalanthus are planted in Malaysia. Pitaya is also commercially planted in Sibu in Sarawak.  
 
2.1.3 Nutritional Value, Uses and Economical Important  
Hylocereus polyrhizus contains betacyanin which function as a natural food colouring and 
antioxidant (Wybraniec et al., 2001). The antioxidant helps in reducing inflammation and 
detoxifying body cell. Pitaya also contains approximately one gram of dietary fiber per 100g 
of fruit (Citrogold, 2009) which is beneficial to health while the seeds are also rich in 
polysaturated fatty acid. The pitayas are low in calories but high in potassium, magnesium, 
calcium, vitamin C and phosphorus.  
The fruit of pitayas can be used to make juice, jam, jelly and other products (PAVUC, 
n.d.). Pitayas are highly marketable and economical important plants as the fruit has attractive 
colour, contains high antioxidant activity, can be a source of natural food colorant and the 







2.2 Molecular Markers 
Molecular marker is useful in the studying of plant DNA fingerprinting, genetic variation, 
phylogenetic analysis, paternity testing of several crops and cultivar discrimination 
(Fernandez et al., 2002; Reddy et al., 2002; Shasany et al., 2005). Reviews on the various 
molecular markers are compared for use with reference to the specific purpose of this study. 
The most suitable one were chosen based on the simplicity, time constraint and technical 
competent. 
 
2.2.1 Randomly Amplify Polymorphism DNA (RAPD) 
RAPD is a most common and popular marker used in the analysis of genetic compared to 
others.  RAPD primer is randomly selected for amplification without any sequence knowledge. 
It is the dominant markers which limited RAPD marker to detect heterozygosity of plant 
species. It had been used widely in identification hybrid of plant species such as Mentha sp. 
(Shasany et al., 2005), Indian cashew (Archak et al., 2002), lychee (Chundet et al., 2007) and 
others. The disadvantages of RAPD are poor reproducibility, no additional information and 
unknown gene function provided due to uncharacterized DNA is amplified (Lee & Henry, 
2001). 
 
2.2.2 Simple Sequence Repeat (SSR) 
Simple sequence repeats (SSR), also known as microsatellite, is abundant in eukaryotic 
organisms. Two primers that flank microsatellite locus are used to amplify the genomic DNA 
for the PCR (Rakoczy & Bolibok, 2004). It has a high degree of polymorphism, co-dominant 
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marker (Pejic et al., 1998; Holton, 2001; Awasthi et al., 2004) that able to detect 
heterozygous and homozygous allele in locus of species. Co-dominant character of SSR 
enables the delivery of more information compared to other molecular markers. However, 
SSR works is time consuming and requires laborious step to develop library construction 
(Rakoczy & Bolibok, 2004; Holton, 2001) and primer designing (Awasthi et al., 2004).  
 
2.2.3 Inter Simple Sequence Repeat (ISSR) 
ISSR primer anchored at 5’or 3’ end of repeat region and extend into flanking region. It has 
been applied to fingerprinting and genetic analysis in fruit crops including Indian cashew 
(Archak et al., 2002), citrus (Fang & Roose, 1997), barley (Fernandez et al., 2002) and others. 
ISSR are useful in studies on genetic diversity, phylogeny, gene tagging, genome mapping 
and evolutionary biology (Reddy et al., 2002).  
The same as RAPD, ISSR also detect only the dominant character (Monte-Corvo et al., 
2001). This had limited the markers in determination of heterozygosity of the species. 
However, research had shown that dominant marker is also a suitable tool for identification of 
interspecific hybrid as shown in walnut species (Pollegioni et al., 2005). 
ISSR reveals more reproducible fingerprinting pattern than RAPD method 
(Pharmawati et al., 2005). Research had shown that ISSR primer provides more genetic 
information more diversity than RAPD to detect hybrid in Nothofagus species, a kind of flora 
(Mattioni et al., 2002). Compared to SSR, ISSR marker is more time saving and economical 
approach as it eliminates the need of library construction (Rakoczy & Bolibok, 2004). 
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Furthermore, it does not require sequence information and simpler to use compared to others 
(Monte-Corvo, 2001; Awasthi et al., 2004).  
 
2.3 Hybridization  
Hybridization is a product of cross-breeding between two different species to produce hybrids. 
It plays an important role in evolutionary studies in plant breeding (Adam, 2007; Mallet, 
2007). Chromosomal crossing over and segregation during meiosis resulted in genetic 
changes. Chromosomal rearrangement or nucleotide mutations i.e. substitutions, insertions or 
deletions and duplication may happen (Rieseberg & Carney, 1998) in the production of 
polyploidy hybrids. Gene loss or gain in hybrids create new variations of species with 
different gene expression bring to evolution. Genetic changes in polyploidy hybrids 















MATERIALS AND METHODS 
3.1 Collections of Samples 
Plants of Hylocereus polyrhizus and Selenicereus megalanthus as well as the intergeneric 
hybrids seedlings were sampled from Agriculture Research Centre (ARC) at Semongok and 
maintained in UNIMAS for use. Ten hybrids numbered 1, 7, 25, 30, 32, 37, 38, 51, 54 and 56 
were selected from 60 hybrid seedlings to be used in this work. Fresh sample of roots were 
collected from the plants for extraction of genomic DNA. The remainder of root samples were 
stored in – 80 ºC fridge to keep fresh for further use. 
  
3.2 DNA Extraction using Modified CTAB Method 
DNA was extracted using modified CTAB method described by Doyle & Doyle (1990). 
 
3.2.1 Reagents 
 CTAB Extraction buffer  [100mM Tris-HCl pH 8.0, 20mM EDTA, 1.4mM NaCl, 2% CTAB 
powder, 1% PVP, 2% of β-mecaptoethanol (added just before used)] 
Phenol:Chloroform:Isoamylalcohol (25:24:1) 
Cold Isopropanol (-20 ºC) 
Wash buffer [76% ethanol and 10mM ammonium acetate] 





3.2.2 Modified CTAB protocol 
First, 500µl of CTAB buffer was added with 10µl (2%) of β-mercaptoethanol in a 1.5ml 
microcentrifuge tube and preheated under 65 ºC in water bath for 30 minutes. Then, 0.5g of 
fresh roots was rinsed with distilled water to remove foreign materials and was ground with 
liquid nitrogen into fine powder using mortar and pestle. After that, the frozen powdered 
tissue was transferred into the preheated CTAB buffer and incubated in 65 ºC for 30 minutes. 
The same volume of phenol:chloroform:isoamylalcohol (25:24:1) was added into it, mixed by 
inverting 25 times and centrifuged at 13000rpm for 10 minutes.  
The upper aqueous phase of the sample was then transferred to a new microcentrifuge 
tube, 2/3 volume of cold isopropanol (-20 ºC) was added and mixed gently to precipitate the 
DNA. The tube was kept on ice for 30 minutes and centrifuged at 13000rpm for 15 minutes to 
pellet the DNA. The supernatant was decanted carefully and pellet DNA was rinsed with 
wash buffer. The pellet DNA was air-dried at room temperature. Finally, 30µl deionized 
distilled water was added to dissolve the pellet DNA and stored at -20 ºC.  
 
3.3 DNA Visualization  
Presence of band in DNA samples were detected using 0.8% of agarose gel with ehidium 
bromide staining. Agarose gel was prepared by adding the weighted agarose powder into 1X 
TAE buffer and heated in microwave oven to dissolve it. The gel was then cooled using 
running water until warm and added with 1µl of ethidium bromide. The gel was poured in an 
electrophoresis tank covered with 1X TAE buffer. One kb DNA ladder (Fermentas) was used 
to estimate band sizes. Loading dye 6X (1µl) was added to the sample DNA (4µl) and loaded 
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into wells of agarose gel. The gel was run at a constant voltage of 100V. After that, the gel 
was visualized under UV transilluminator and documented using AlphaDigiDoc™RT 
software.  
 
3.4 DNA Quantification  
The DNA extracted was quantified using UV spectrophotometer (Ultrospec 1100 pro) to 
check for DNA quantity and quality.  Five µl of DNA from each samples were added with 
995µl of distilled water in a cuvette with dilution factor 200. The readings of concentration 
and optical density of DNA samples were recorded. 
  
3.5 ISSR PCR Analysis 
3.5.1 PCR Protocol 
PCR was carried out using iCycler PCR machine (BioRad) 
Reagents: 
1X Bovine Serum Albumin (BSA) (Promega) 
1X Buffer S (Vivantis) [160mM (NH4)2SO4, 500mM Tris-HCl (pH 9.2 at 22ºC), 17.5mM 
MgCl2 and 0.1% Triton
TM
X-100] 
0.2mM dNTPs (Fermentas) 
 1µM ISSR primer 






 Template DNA and ultrapure water were added together to give a total volume of 20 µl per 
tube. For negative control, ultrapure water was used to replace template DNA. The contents 
for each tube were mixed by centrifuging for five seconds.    
 PCR amplification was performed using the following programme with touchdown 
between annealing temperature of 45 ºC to 50 ºC: 3 min at 95 ºC (initial denaturation), first 
five cycles of [15 sec at 95ºC (denaturation), 30 sec at 50ºC (annealing), 45 sec at 72ºC 
(extension)]  and 30 cycles of  [15 sec at 95ºC (denaturation), 15 sec at 45ºC (annealing), 45 
sec at 72ºC (extension)] with a final 5 min extension at 72 ºC.  
 
Table 3.1 Thermal cycling profile 
 
Table 3.2 PCR mixtures and conditions 
Parameter  Temperature (ºC) Timing (sec) No. of cycles 
Initial denaturation  95  3 min  
Denaturation 95 15   
Annealing 50 30  5 
Extension 72 45   
Denaturation 95 15   
Annealing 45 15  30 
Extension 72 45   






  100X BSA 1X 0.2 
10X  buffer S 1X 2 
2mM dNTP mixture 0.2mM 2 
10µM ISSR primer 1µM 2 
5unit/μl  Taq polymerase 1unit/µl 0.2 
Template DNA - 1 
ddH2O - 12.6 
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3.5.2 Primer Screening  
Six primers were screened for amplification. Sequences of the six primers are shown in Table 
3.3. All primers were subjected to PCR thermal cycling profile and conditions as shown in 
Table 3.1 and 3.2.  Primers that amplified more and better band were selected and used in 
PCR amplification for the parental species and hybrids. Annealing temperature, Tm was 
calculated for the primers with formula 2[A+T] + 4[C+G] − 5ºC. 
  Table 3.3 Primer sequence for screening 
Primer Sequence 
810 GAG AGA GAG AGA GAG AT or [GA]8 T 
811 GAG AGA GAG AGA GAG AC or [GA]8 C 
812 GAG AGA GAG AGA GAG AA or [GA]8 A 
816 CAC ACA CAC ACA CAC AT or [CA]8 T 
817 CAC ACA CAC ACA CAC AA or [CA]8 A 
818 CAC ACA CAC ACA CAC AG or [CA]8 G 
 
Calculation of annealing temperature, Tm 
For primer 810, 812, 816, 817 
Tm = 2 [A+T] + 4 [C+G] − 5ºC 
      = 2 [8+1] + 4 [0+8] − 5ºC 
      = 45ºC  
For primer 811, 818 
Tm = 2 [A+T] + 4 [C+G] − 5ºC 
      = 2 [8+0] + 4 [1+8] − 5ºC 




3.5.3 PCR Optimization 
Concentrations of template DNA needed for PCR was optimized by dilution methods and by 
changing the volume of template DNA needed for better result of amplified bands. One µl 
DNA of each sample was diluted to 1:10, 1:20 and 1:30 ratios with ultrapure water. 
 
3.5.4 Detection of PCR Products on Agarose Gel Electrophoresis 
PCR products were detected on 1.5% agarose gel with ethidium bromide staining for the 
presence of band. A 100 bp DNA ladder (seegene) was used. The gel was then visualized 
under UV transilluminator and documented using AlphaDigiDoc™RT gel documentation 
system. 
 
3.6 Data Analysis 
Banding profiles for each primer was scored for the presence of (1) or the absence of (0) of 
each amplified band. A dendrogram was constructed based on the genetic similarity values 
using unweighted pair-group method with arithmetic averages (UPGMA) (Sneath & Sokal, 











4.1 DNA Extraction and Quantification 
The total genomic DNA of parental species (Hylocereus polyrhizus and Selenicereus 
megalanthus) and 10 hybrids were successfully extracted using roots of the samples with 
modified CTAB extraction method (Doyle & Doyle, 1990). However, smearing condition was 
observed, indicating presence of contaminants such as RNA and secondary metabolites 
(Figure 4.1). 
 The average amounts of DNA of each sample ranged from 300 to 500ngµl
-1
. Purity 









Lanes: (shown from left to right) 
 
1: 1kb DNA ladder  
2: Hylocereus polyrhizus (female parent) 
3: Selenicereus megalanthus (male parent) 
4: hybrid 1 
5: hybrid 7 
6: hybrid 25  
7: hybrid 30  
8: hybrid 32 
9: hybrid 37 
10: hybrid 38 
11: hybrid 51 
12: hybrid 54 
13: hybrid 56 
 
1     2     3     4     5      6    7     8    9    10   11   12   13 
17 
 
Table 4.1 Purity calculation of DNA samples of parental species and 10 hybrids, including 
readings taken at A 230, A260 and A280 
DNA samples A 230 A 260 A 280 Purity calculation 
A 260/ A 280 A 260/ A 230 
H. polyrhizus 0.068 0.094 0.052 1.808 1.382 
S. megalanthus 0.043 0.088 0.045 1.956 2.047 
Hybrid 1 0.220 0.230 0.211 1.090 1.045 
Hybrid 7 0.335 0.334 0.311 1.074 0.997 
Hybrid 25 0.006 0.006 0.004 1.500 1.000 
Hybrid 30 0.011 0.016 0.009 1.778 1.455 
Hybrid 32 0.065 0.048 0.028 1.714 0.738 
Hybrid 37 0.046 0.051 0.028 1.821 1.109 
Hybrid 38 0.011 0.022 0.013 1.692 2.000 
Hybrid 51 0.044 0.017 0.008 2.125 0.705 
Hybrid 54 0.028 0.009 0.005 1.800 0.750 
Hybrid 56 0.028 0.011 0.005 2.200 0.373 
 
  
4.2 Primer Screening 
The PCR amplification for primer screen was carried out using template DNA of sample 
hybrid 30. Out of 6 primers screened, two primers (ISSR 811 and 817) (Table 4.2) were 
selected based on their banding pattern. Figure 4.2 shows ISSR primer screening of six 
primers namely ISSR 810, 811, 812, 816, 817, 818.  
 
Figure 4.2 Banding profiles of hybrid 30 screened by six different primers  
 
Lanes: (from left to right) 
 
1: 100 bp DNA ladder 
2: ISSR 810 
3: ISSR 811 
4: ISSR 812 
5: ISSR 816 
6: ISSR 817 
7: ISSR 818 
 1        2         3        4          5        6       7 
